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SULFONYLIMIDE COMPOUNDS 

FIELD OF THE INVENTION 

This invention relates to sulfonylimide conductive salts 
having mixed ?uorocarbon and hydrocarbon groups or hav 
ing all hydrocarbon groups, and the use thereof in electro 
lytes for electrochemical cells, such as lithium batteries. 

BACKGROUND 

Industry is continually searching for novel compounds 
Which can provide ionic conductivity When dissolved or 
dispersed in other materials. These compounds often ?nd 
use, for example, as conductivity additives or enhancers, as 
cationic polymeriZation initiators or catalysts, as anti-static 
additives, as electrochemical sensors, and as surfactants. 
Such compounds are especially useful When employed in 
combination With other materials to form electrolytes to 
conduct electrical charge, for example, When used in elec 
trochemical cells and devices such as batteries, fuel cells, 
electrochromic devices, capacitors, and supercapacitors. 

With respect to the speci?c application of electrolyte 
compounds in electrochemical cells and devices, there is 
both a current and projected future demand for high energy 
density, lightWeight, rechargeable poWer sources for use in 
automotive, industrial and consumer markets. Many of these 
needs can be met by lithium-ion battery technology, Which 
requires the use of electrolytic salts dissolved in a non 
aqueous solvent or polymer to act as an electrolyte. This 
electrolyte solution acts as the medium through Which ionic 
conduction can occur betWeen electrodes, providing charge 
balance Within an electrochemical cell such as a battery. 

Of course, neW electrolytic compounds must exhibit 
speci?c chemical and physical properties to be useful in 
electrochemical cells and devices. Of primary importance, 
the compounds must exhibit good ionic conductivity and 
should be thermally and electrochemically stable. 
Additionally, the compounds must also exhibit good solu 
bility at high concentration in common electrolyte solvents 
and/or polymers; they should exhibit inertness to other 
battery components (e.g., not cause corrosion of electrodes 
or current collectors); they should be relatively non-toxic; 
they should have acceptable environmental impact, and 
preferably they should be able to be produced at an eco 
nomically feasible price. In the case of secondary (i.e., 
rechargeable) batteries, the compounds should exhibit good 
cycling behavior at room temperature and elevated tempera 
ture and should produce electrochemical cells that can be 
operated and maintained With minimal concerns for safety 
(e.g., explosions caused by thermal runaWay). 

There are currently only a small number electrolytic 
compounds knoWn to be suitable for use in lithium-ion 
batteries; all are lithium salts and all have identi?able 
draWbacks. The most common electrolyte compound is 
LiPF6, Which exhibits good conductivity and corrosion 
resistance, but is thermally and hydrolytically unstable, 
decomposing to liberate ?uoride ion Which is detrimental to 
cell performance. Other compounds having potential uses in 
lithium electrolytes include LiAsF6 (toxic), LiBF4 
(relatively poor conductivity, thermally and hydrolytically 
unstable), and LiClO4 (thermally unstable, potentially 
explosive). There are also a number of knoWn organo?uo 
rine lithium compounds, but each of these has its oWn 
individual shortcomings. Molecules like LiOSOZCF3 and 
LiN(SO2CF3)2 are thermally very stable but can be corro 
sive to aluminum current collectors at the operative voltage 
of a lithium ion cell, and LiC(SO2CF3)3 is very expensive to 
prepare. 
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2 
There is a continuing need for neW electrolyte compounds 

Which can perform at useful conductivity levels, and that are 
easily handled and produced at a reasonable cost. 

SUMMARY OF THE INVENTION 

Conductive ionic compounds have been discovered that 
are loWer cost alternatives to the relatively expensive per 
?uorinated sulfonates, sulfonylimides and sulfonylmethides 
noW commercially used in electrochemical cells such as 
lithium batteries, fuel cells, capacitors, supercapacitors and 
electrochromic WindoWs. These ionic compounds are analo 
gous to per?uoroalkanesulfonylimide compounds in Which 
some or all of the per?uoroalkyl groups have been replaced 
With oxygen or nitrogen heteroatoms attached to ?uorine 
free organic groups. By having part or even all of the 
expensive per?uoroalkyl groups replaced, the compounds of 
this invention can be made at a loWer cost per pound and, 
having loWer molecular Weights, can be used at loWer 
Weight concentrations in electrolytes to produce a given 
molarity solution. Nonetheless, these relatively inexpensive 
compounds exhibit good conductivity and loW corrosivity. 
The present invention includes sulfonylimide compounds 

Which are particularly useful as conductive salts in battery 
electrolytes. 

In one aspect, the present invention includes novel salts of 
the Formula I: 

Wherein: 

m is 1 or 2and m+o is 2; 

X is independently O or N; 

p is 1 When X is O, and p is 2 When X is N; 

R is each independently a monovalent hydrocarbon 
group; tWo R groups When taken together form a 
divalent hydrocarbon group, eg an alkylene group or 
a 1,2-phenylene group, joined to tWo X atoms, in Which 
the hydrocarbon groups are uninterrupted or inter 
rupted by a heteroatom; or tWo R groups When taken 
together may form a three- to six-membered ring With 
a nitrogen atom, Which ring may be further interrupted 
by a heteroatom; 

R‘ is a hydrocarbon group or a straight or branched acyclic 

?uoroalkyl group having from 1 to 12 carbon atoms, a 
cyclic ?uoroalkyl group having from 3 to 12 carbon 
atoms, or a ?uorocycloalkyl-?uoroalkyl group Where 
the ?uoroalkyl group has from 1 to 4 carbon atoms, in 
Which the ?uoroalkyl and ?uorocycloalkyl groups are 
uninterrupted or interrupted by a heteroatom; or an R 
group and an R‘ group When taken together may form 
a ring, Which ring may be further interrupted by a 
heteroatom; and 

M"+ is a cation having a valence of n; 

With the proviso that When m is 2, M"+ is a metal or 
alkylammonium cation of the formula R“ 4N", Where R“ 
is independently alkyl having 1 to 4 carbon atoms. 

A second aspect of the present invention includes an 
electrolyte for use in electrochemical cells containing: 

(a) a salt of the Formula I, 
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wherein: 

m is 1 or 2and m+o is 2; 

X is independently O or N; 

p is 1 When X is O, and p is 2 When X is N; 

R is each independently a monovalent hydrocarbon 
group; tWo R groups When taken together form a 
divalent hydrocarbon group, eg an alkylene group or 
a 1,2-phenylene group, joined to tWo X atoms, in Which 
the hydrocarbon groups are uninterrupted or inter 
rupted by a heteroatom; or tWo R groups When taken 
together may form a three- to six-membered ring With 
a nitrogen atom, Which ring may be further interrupted 
by a heteroatom; 

R‘ is a hydrocarbon group or a straight or branched acyclic 
?uoroalkyl group having from 1 to 12 carbon atoms, a 
cyclic ?uoroalkyl group having from 3 to 12 carbon 
atoms, or a ?uorocycloalkyl-?uoroalkyl group Where 
the ?uoroalkyl group has from 1 to 4 carbon atoms, in 
Which the ?uoroalkyl and ?uorocycloalkyl groups are 
uninterrupted or interrupted by a heteroatom; or an R 
group and an R‘ group When taken together may form 
a ring, Which ring may be further interrupted by a 
heteroatom; and 

M"+ is a cation having a valence of n; and 

(b) a matrix material. 
A third aspect of the present invention includes a battery 

having at least one cathode, at least one anode and an 
electrolyte as de?ned above. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Throughout this application the folloWing de?nitions 
apply: 

“Battery” includes all electrical energy storage devices, 
including capacitors, electrochromic devices, and electro 
chemical cells. 

“Macromolecular material” refers to a homopolymer, 
copolymer, or combination thereof, Which may or may not 
be cross-linked and/or plasticiZed. 

“Gel” refers to a macromolecular material sWollen With a 
liquid. 

“Matrix” or “matrix material” refers to a medium (e.g., a 
solid, liquid, gel or plasticiZed polymer) in Which salts 
according to Formula I may be dissolved or dispersed to 
form an jonically conductive electrolyte. 

Voltages speci?ed refer to electrical potential differences 
betWeen a positive electrode measured relative to a Li/Li+ 
reference electrode, except Where otherWise noted. 

The term “R” appearing in the Formula and throughout 
the speci?cation can be a hydrocarbon group as de?ned 
beloW or a ?uorocarbon group containing at least one carbon 
atom in a skeletal chain, such chain may be monovalent or 
divalent, branched or cyclic. The skeletal chain of carbon 
atoms can be interrupted by heteromoieties, such as divalent 
oxygen or trivalent nitrogen atoms each of Which is bonded 
only to carbon atoms, or hexavalent sulfur atoms, each of 
Which may be bonded to carbon, ?uorine, or oxygen atoms, 
but preferably Where such heteromoieties are present, such 
skeletal chain does not contain more than one said hetero 
moiety for every tWo carbon atoms. 
A ?uorocarbon group may be either a partially or fully 

?uorinated (i.e., per?uorinated) hydrocarbon chain. A par 
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4 
tially ?uorinated hydrocarbon chain exists Where only a 
portion of the hydrogen atoms in the hydrocarbon has been 
replaced by ?uorine atoms. In a fully ?uorinated or per?u 
orinated hydrocarbon chain, essentially all of the hydrogen 
atoms, eg at least 90%, attached to carbon have been 
replaced by ?uorine. Thus, the non-skeletal valence bonds 
are preferably carbon-to-?uorine bonds. HoWever, an occa 
sional carbon bonded hydrogen atom, bromine atom or 
chlorine atom may be present in a fully ?uorinated hydro 
carbon chain. 
The total number of carbon atoms in a ?uorocarbon group 

can vary and be, for example, 1 to 12, preferably 1 to 8, more 
preferably 1 to 4. Where the group is or contains a cyclic 
structure, such structure preferably has 5 or 6 ring members, 
one or tWo of Which can be said heteromoieties, e.g., oxygen 
and/or nitrogen. 
A “hydrocarbon group” refers to a monovalent or divalent 

straight or branched aliphatic group, a cycloaliphatic group, 
a cycloaliphatic-aliphatic group, or an aryl, biaryl or aralkyl 
group. These groups are further de?ned beloW. 
“A straight or branched aliphatic group” refers to a 

hydrocarbon radical Which is either in the form of a straight 
or branched chain and, in this case, ranging from 1 to 18 
carbon atoms or as otherWise designated. A preferred 
embodiment includes alkyl straight or branched chain from 
1 to 8 carbon atoms. 

“Cycloaliphatic group” is a cyclic group having from 3 to 
12 carbon atoms and refers to a cyclic saturated group. Thus, 
the group includes, for example, cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, and the like. 
The term “aryl” refers to a substituted or unsubstituted 

aromatic or heteroaromatic hydrocarbon such as, for 
example, phenyl, naphthyl, thienyl, pyridyl, pyrrolyl, and 
furyl. Preferred is a phenyl or naphthyl group that is unsub 
stituted or substituted by Well recogniZed aromatic substitu 
ents such as, for example, alkyl of 1—4 carbon atoms, nitro, 
halo, tri?uoromethyl or cyano. The phenyl or naphthyl 
group may be substituted by another phenyl or naphthyl 
group and then form a biaryl group, eg a biphenyl group. 
The phenyl or naphthyl group may further be substituted by 
a “reactive group” de?ned beloW. Particularly preferred 
aromatic groups include C6H5—, C1OH7—, CH3C6H4—, 
O2NC6H4—, FC6H4—, (CF3)2C6H3—, and NCC6H1—. 
Particularly preferred divalent aromatic groups formed by 
tWo R groups include 

@i, g 
The term “reactive group” includes any group capable of 

reacting With itself or With other groups. For example, R and 
R‘ can contain a polymeriZable group such as an ole?nically 
unsaturated group (e.g., acrylate or allyl), an epoxide group, 
an isocyanato group and the like that Would alloW the 
sulfonylimide or sulfonylmethide to react With other reactive 
compounds, including other molecules of the same salt or 
molecules of a different reactive or polymeriZable 
compound, via grafting or polymeriZation (cationic, anionic 
or free radical mechanism) to form a homopolymer or a 
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copolymer. Such a homopolymer or copolymer material 
Would be useful in electrolytes, particularly as single ion 
conductors. Suitable reactive groups may be chosen from 
those groups containing ole?nic unsaturated groups (e.g., 
vinyl, allyl, vinylbenZyl, acryloyl or methacryloyl groups) or 
from those groups containing reactive heterocyclic ring 
structures (e.g., oxirane (epoxy), oxetane, aZetidine or aZiri 
dine groups). The invention includes the homo- and copoly 
meric materials formed by the polymeriZation reaction 
involving compounds of Formula I Where R and R‘ contain 
at least one polymeriZable group. 

A suitable reactive group may also be a hydroxy, amino, 
carboxyl, isocyanato, dialkoxyalkylsilyl, or trialkoxysilyl 
group. When the reactive group could interfere With reac 
tions for preparing the desired imide or methide, the reactive 
group can be protected by reactants that are reversibly bound 
to it. For example, a double bond may be protected as a 
dihalo derivative and subsequently dehalogenated. 

“Alkylene” refers to either straight or branched chain 
divalent organic groups Which may join at both ends to other 
groups or atoms to form a ring. Preferred alkylene groups 
are ethylene and propylene. 

“Fluoroalkylene” refers to either straight or branched 
chain divalent partially or fully ?uorinated organic groups 
Which may join at both ends to other groups or atoms to form 
a ring. Preferred ?uoroalkylene groups are 
per?uoroethylene, per?uoropropylene and per?uorobuty 
lene. 

Suitable cations, Mm”, include alkali metal cations (e.g., 
Li”, Na”, K” and Cs”), alkaline earth metal cations (e.g., 
Mg2”, Caz”, Sr2+ and Ba2”), Group IIIA cations (e.g., A13”), 
transition metal cations (e.g., Fe3”, Fez”, Zn2”, Ti4+ and 
Cu2”), rare earth metal cations (e.g., Ce4+ and La3”), ammo 
nium cations (i.e., R4N”, Where R is independently alkyl, 
preferably having from 1 to 4 carbon atoms, aryl or 
hydrogen), sulfonium cations (i.e., R3S”), iodonium cations 
(i.e., R21”), phosphonium cations (i.e., R4P”) and protons 
(i.e., H”). Suitable cations also include organometallic cat 
ions such as ferrocenium cation, cyclopentadienyl (arene) 
Mm”, (arene) M(CO)3'””, (arene)2M'”” and 
(cyclopentadienyl)2 M(CH3)'"”, Wherein M is a transition 
metal. Preferably, for many battery applications, the cation 
is an alkali metal cation; most preferably, the cation is a 
lithium cation. 

O NH 

\ 
cH2 CHCH2— and CH2 CHCH2—. 

Suitable divalent groups formed When tWo R groups, tWo 
R‘ groups, or an R and R‘ group are taken together include 

—CH2CH2—, —CH2CH(—CH3)—, 
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@Q. % 
Suitable monovalent ?uorocarbon groups include CF3—, 

C2F5—, C4F9—, C8F17, (CF3)2NC2F4—, CF3OC2F4—. 

Suitable divalent ?uorocarbon groups formed When tWo 
R‘ groups are taken together include —CF2CF2—, and 
—CF2CF(CF3)—. 

Examples of particularly suitable sulfonylimide anions 
include the folloWing: 

In general, the sulfonylimide compounds of this invention 
can be prepared by reacting the appropriate hydroxylic 
organic precursor (e. g., alcohol or phenol) or aminic organic 
precursor (e. g., amine or aniline) With a sulfonyl halide. The 
reaction is typically run in an aprotic solvent (e.g., 
acetonitrile) With a molar excess of tertiary amine (e.g., 
triethylamine) to consume the hydrogen halide acid gener 
ated and thus drive the reaction to completion. The reaction 
should be run at a temperature of approximately 0° C. to 25° 
C. to keep the exotherm under control. The resulting tri 
ethylammonium salt solution can be ?ltered to remove any 
solid by-products, and the ?ltrate can be stripped of solvent. 
To exchange the triethylammonium cation With the desired 
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cation, neutralization can be conducted With an aqueous 
solution or dispersion of the base of the desired cation (e.g., 
its hydroxide, oxide or carbonate), Water is removed, and the 
resulting solids Washed With a Water-immiscible solvent 
(e.g., diethyl ether). Further puri?cation is possible by 
re-dissolving the solids in tetrahydrofuran and passing this 
solution through a short column of alumina. 

Sulfonylimides having oxygen or nitrogen heteroatoms 
adjacent to the imide group may be conveniently prepared 
by reacting imidobis(sulfuryl chloride) (IBSC, 
HN(SO2Cl)2) With either a hydroxylic or aminic organic 
precursor as described by Argyropoulos et al. in Journal of 
Applied Chemistry, 26, 3073—3084 (1981), using the reac 
tion conditions described above. 

Procedures for making per?uoroalkanesulfonyl 
substituted imide compounds are described in Us. Pat. No. 
5,652,072, Which is herein incorporated by reference. 

For some battery electrolyte compositions, it is desirable 
to add other conductive salts in order to maximize battery 
performance. Typically any conventional conductive salt 
knoWn for chemical poWer sources may be used. For 
example, an additional conductive compound may include: 

a cation selected from the group consisting of an alkali 

metal; an alkaline earth metal; a Group IIB metal; a 
Group IIIB metal; a transition metal; a rare earth metal; 
an ammonium cation such as tetraalkylammonium and 

trialkylammonium; and a proton; and 
an anion selected from the group consisting of N03“, Br“, 

I‘, B134‘, P136‘, AsF6_, C104‘, SbF6_ and a per?uorinated 
anion, Wherein the per?uorinated anion may be: 

a per?uorinated sulfonate anion of the formula RIOSOJ, 
in Which RfO is a per?uoroalkyl group having betWeen 
1 and 12 carbon atoms Which may contain straight, 
branched or cyclic moieties; 

a per?uorinated acyclic imide anion of the formula 

(R?SO2)(Rf2SO2)N_, in Which Rf1 and Rf2 are each 
independently a per?uoroalkyl group of 1 to 8 carbon 
atoms Which may contain straight, branched or cyclic 
moieties, With Rf1 and Rf2 having a total of up to 12 
carbon atoms; 

a per?uorinated cyclic imide anion of the formula 

so2 

in Which R‘? is a per?uoroalkylene moiety of 2 to 4 carbon 
atoms, optionally substituted by a straight or branched 
per?uoroalkyl group of 1 to 2 carbon atoms, With R‘? having 
a total of up to 6 carbon atoms; 

a per?uorinated sulfonate, imide or methide anion of the 

formula (Rf3)(Rf4)N(CF2)n, SO2X_ or 

in Which Rf3 and Rf4 independently are —CmFZmH, or 
—(CF2)qSO2X_, and R‘f2 and R‘f3 independently are per 
?uoroalkylene moieties having the formula —C,F2,—; 
Wherein X- is —O—, —N_SO2(Rf5) or 
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wherein R5, Rf6 and Rf7 independently are —CmF2m+1, 
—(cFz 4—SO2—X_, 

Wherein Rf8 and Rf9 are each independently a straight, 
branched or cyclic per?uoroalkyl group of 1 to 8 carbon 
atoms, With Rf8 and Rf9 having a total of up to 12 carbon 
atoms; 

R‘f4 and R‘fS independently are per?uoroalkylene moieties 
having the formula —CrF2r—; 
n‘ is 1 to 4 inclusive; m is 1 to 12 inclusive, preferably 1 to 
8 inclusive; r is 1 to 4 inclusive; and q is 1 to 4 inclusive; 

a bis(per?uoroalkylsulfonyl) methide anion of the for 

mula (Rf11SO2)C_(R)(SO2Rf12), in Which Rf11 and Rf12 
independently are per?uoroalkyl groups having 
betWeen 1 and 12 carbon atoms, preferably betWeen 1 
and 4 carbon atoms, and R is H, Br, Cl, I, an alkyl group 
having betWeen 1 and 20 carbon atoms, an aryl group 
or an alkaryl group; 

and a tris(per?uoroalkylsulfonyl) methide anion of the 

formula ‘C(SO2Rf13)(SO2Rf14)(SO2Rf15), in Which 
RIB, RIM, and Rf15 independently are per?uoroalkyl 
groups having betWeen 1 and 12 carbon atoms, pref 
erably betWeen 1 and 4 carbon atoms. 

Preferred additional conductive salts includes those hav 
ing a lithium cation and having an anion selected from the 
group consisting of PF; anion; C104“ anion; B134“ anion; a 
per?uorinated sulfonate anion of the formula RIOSOJ, in 
Which RfO is a per?uoroalkyl group having from 1 to 8 
carbon atoms; a per?uorinated acyclic imide anion of the 
formula (R?SO2)(Rf2SO2)N_, Wherein Rf1 and Rf2 are each 
independently a straight or branched per?uoroalkyl group 
having from 1 to 8 carbon atoms, With Rf1 and Rf2 having a 
total of up to 10 carbon atoms; a per?uorinated cyclic imide 
anion of the formula: 

in Which R‘? is a per?uoroalkylene moiety of 2 to 4 carbon 
atoms, optionally substituted by a straight or branched 
per?uoroalkyl group of 1 to 2 carbon atoms, With R‘? having 
a total of up to 6 carbon atoms; and a tris 
(per?uoroalkylsulfonyl)methide anion of the formula 
_C(SO2Rf13)(SO2Rf14)(SO2Rf15), in Which RIB, RIM, and 
Rf15 independently are per?uoroalkyl groups having 
betWeen 1 and 4 carbon atoms. 
Most preferred additional conductive salts include LiBF4, 

LiAsF6, LiClO4, LiPF6, LiNO3, C4F9SO3Li, C8F17SO3Li, 
(CF3SO2)2NLi, (C2F5SO2)2NLi, (C8F17SO2)(CF3SO2)NLi, 
(C8F17SO2)(C2F5SO2)NLi> (CF3SO2)2NNa> [(CF3SO2)2N] 
3Al, (CF3)2NC2F4SO3Li, (CF3SO2)3CLi, 
C6H5SO2NLiSO2CF3, ((CF3)2NC2F4SO2)2NLi and mix 
tures thereof. 
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To form the electrolyte composition, the conductive com 
pounds are mixed With the matrix material such that the salts 
are at least partially dissolved or dispersed in the matrix 
material. The salts are preferably employed at a concentra 
tion such that the conductivity of the electrolyte solution is 
at or near its maximum value, although a Wide range of other 
concentrations Will also serve. 

The matrix material may be in the form of a solid, liquid, 
gel or a liquid impregnated porous membrane. For battery 
applications, the matrix material is chosen to provide the 
particular conductance, viscosity, mechanical strength, reac 
tivity and stability desired for the electrolyte. 

Suitable matrix materials for preparing electrolyte solu 
tions can be liquid, polymeric or mixtures of polymer and 
liquid. Examples of suitable solid matrix materials include 
polymers and copolymers such as polyethers like poly 
(ethylene oxide), polyesters, polyacrylates, 
polyphosphaZenes, polysiloxanes, poly(propylene oxide), 
?uoropolymers (e.g., poly(vinylidene ?uoride)), and poly 
(acrylonitrile), as Well as the polymers and copolymers 
described in Armand et al., US. Pat. No. 4,505,997, incor 
porated herein by reference, and mixtures thereof. The 
polymers may be used in cross-linked or uncross-linked 
form and plasticiZed. Such materials are generally 
anhydrous, i.e., have a Water content less than about 100 
ppm, preferably less than about 50 ppm. 

In batteries comprising a highly reducing electrode (such 
as lithium metal) and a liquid matrix material, the liquid is 
preferably a nonaqueous, polar, aprotic, organic solvent. 
Such liquids are generally anhydrous, i.e., have a Water 
content less than about 100 ppm, preferably less than about 
50 ppm. Examples of suitable aprotic liquids include linear 
ethers such as diethyl ether, diethylene glycol dimethyl 
ether, and 1,2-dimethoxyethane; cyclic ethers such as 
tetrahydrofuran, 2-methyltetrahydrofuran, dioxane, 
dioxolane, and 4-methyldioxolane; esters such as methyl 
formate, ethyl formate, methyl acetate, dimethyl carbonate, 
diethyl carbonate, propylene carbonate, ethylene carbonate, 
and butyrolactones (e.g. gamma butyrolactone); nitriles such 
as acetonitrile and benZonitrile; nitro compounds such as 
nitromethane or nitrobenZene; amides such as N,N 
dimethylformamide, N,N-diethylformamide, and 
N-methylpyrrolidinone; sulfoxides such as dimethyl sulfox 
ide; sulfones such as dimethylsulfone; tetramethylene 
sulfone, and other sulfolanes; oxaZolidinones such as 
N-methyl-2-oxaZolidinone and mixtures thereof. Maximum 
conductivities of the electrolyte salts of this invention in 
typical nonaqueous, polar, aprotic liquid media (e.g., pro 
pylene carbonate) are generally in the range of 0.1—20 mS 
(milliSiemens) at room temperature, preferably greater than 
1 mS. 

Mixtures of matrix materials can be employed and are 
sometimes preferred in tailoring the matrix material’s prop 
erties to provide optimum performance. In general, the 
amount of matrix material is selected such that the total salt 
concentration ranges from about 0.1M (moles per liter) to 
about 2.0M, preferably about 1M. 

Apreferred chemical poWer source of the present inven 
tion relates to a battery that includes at least one cathode, at 
least one anode, a separator and liquid electrolyte compris 
ing conductive compounds and aprotic solvents. 

The electrodes (i.e., anode and cathode) of, for example, 
a lithium battery generally consist of a metallic foil and 
particles of active material blended With a conductive dilu 
ent such as carbon black or graphite bound into a plastic 
material binder. Typical binders include 
polytetra?uoroethylene, polyvinylidene ?uoride, ethylene 
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10 
propylene-diene (EPDM) terpolymer, and emulsi?ed 
styrene-butadiene rubber (SBR), and the binder may be 
cross-linked. The binder may also be, for example, a solid 
carbon matrix formed from the thermal decomposition of an 
organic compound. The metallic foil or composite electrode 
material is generally applied to an expanded metal screen or 
metal foil (preferably aluminum, copper or nickel) current 
collector using a variety of processes such as coating, 
casting, pressing or extrusion. 

Examples of suitable battery anodes include lithium 
metal, lithium metal alloys, sodium metal, carbon-based 
materials such as graphite, coke, carbon ?ber, pitch, transi 
tion metal oxides (such as LiTiSO12 and LiWOZ), and 
lithiated tin oxide. In the case of lithium ion batteries, the 
lithium may be intercalated into a host material such as 
carbon (i.e., to give lithiated carbon) or carbon alloyed With 
other elements (such as silicon, boron and nitrogen), a 
conductive polymer, or an inorganic host that is intercalat 
able (such as LixTisOlz). The material comprising the anode 
may be carried on foil (e.g., nickel and copper) backing or 
pressed into expanded metal screen and alloyed With various 
other metals. 

Examples of suitable cathode materials include graphite, 
amorphous carbon, LixCoO2, LiXNiOZ, Co-doped LixNiOz, 
LixMn2O4, LixMnOz, V205, V6013, LiV3O8, Ba2SmNiO5, 
SmMnO3, Sm3Fe5O12, EuFeO3, EuFe5O12, EuMnO3, 
LaNiO3, La2CoO4 and LaMnO3 (including the charged and 
discharged forms of these materials), and conducting poly 
mers such as polypyrrole, polysul?des and polyvinylfer 
rocene. In primary batteries, the cathode can be ?uorinated 
carbon (e.g., (CF)n), SOZCIZ, Ag2CrO4, sulfur, polysul?de, 
and an 02 or SO2 electrode. 

Lithium batteries and supercapacitors usually contain a 
separator to prevent short-circuiting betWeen the cathode 
and anode. The separator usually consists of a single-ply or 
multi-ply sheet of microporous polymer (typically 
polyole?n, e.g., polyethylene, polypropylene, or combina 
tions thereof) having a predetermined length and Width and 
having a thickness of less than 10 mils (0.025 cm). For 
example, see US. Pat. No. 3,351,495 (Larsen et al.), US. 
Pat. No. 4,539,256 (Shipman et al.), US. Pat. No. 4,731,304 
(Lundquist et al.) and US. Pat. No. 5,565,281 (Yu et al.). 
The pore siZe in these microporous membranes, typically 
about 5 microns in diameter, is sufficiently large to alloW 
transport of ions but is sufficiently small to prevent cathode/ 
anode contact, either directly or from particle penetration or 
dendrites Which can form on the electrodes. 
The novel compounds of this invention can also be 

employed in non-electrolyte applications. For example, the 
salts of Formula I are useful as surfactants When the hydro 
carbon groups of R and/or R‘ contain in the range of 8 to 18 
carbon atoms or When the ?uoroalkyl group of R‘ contains 
in the range of 4 to 12 carbon atoms. Examples of such 
usefull surfactant salt anions include C8F17SO2N_SO2OCH 
(CH3)2> (C12H25OSO2)2N_ and C8F17SO2N—SO2OC12H25; 
surfactant salt cations can be those commonly used in 
anionic surfactants, such as alkali metal, alkaline earth metal 
or ammonium. The salts and acids are also potentially useful 
as catalysts, antistats and as cationic photoinitiators; 
examples of such useful compounds are 
C6H5OSO2NHSO2CF3, (CH3)4P+ _N(SO2OC6H5)2 and 
(C6H5)3S+ _N(SO2CF3)(SO2OC6H5). 
The invention is illustrated further by, but is not intended 

to be limited to, the folloWing examples. 

EXAMPLES 
Note: All electrolyte salt samples Were stored and handled in 
a nitrogen- or argon-?lled dry box (Vacuum Atmospheres 
Inc.) to prevent contamination by Water. 



US 6,350,545 B2 
11 

Test Methods 
Conductivity 

Conductivity measurements for liquid electrolytes Were 
generally made using a 1 molar (1M) electrolyte derived 
from carefully puri?ed and dried components. The 1M 
electrolyte Was made by dissolving 10 millimoles of elec 
trolytic compound in 10 mL of a 50/50 (vol) mixture of 
propylene carbonate (PC)/1,2-dimethoxyethane (DME) or 
ethylene carbonate (EC)/dimethyl carbonate (DMC). 10 mL 
of the resulting electrolyte Was placed in a glass container 
With a conductivity cell having K=1.0/cm (Model No. 3403, 
available from YSI Inc., YelloW Spring, Ohio), all kept in a 
dry box before use. During all times, Water contamination in 
the electrolyte Was kept beloW 30 ppm, as determined by 
Karl Fischer titration. Impedance response Was then mea 
sured in milli-Siemens per square centimeter (mS/cm) using 
a PAR Model 273 potentiostat/galvanometer (available from 
EG&G Princeton Applied Research, Princeton, N.J.), 
equipped With a frequency response analyZer (Model 1260, 
available from Schlumberger, Billerica, Mass.). The imped 
ance response for each cell Was measured using an AC signal 
of 5—10 mv over a frequency response of 100,000 to 1 HZ, 
using Model 398 Electrochemical Software (available from 
EG&G Princeton Applied Research). The conductivity Was 
then calculated from the impedance response. 

Other concentrations, ranging from 0.2—2.0 M, Were also 
evaluated to identify the concentration for maximum con 
ductivity. 

Sources, Preparations for Conductive Salts 
Salt 1 

17 g of catechol (1,2-dihydroxybenZene, available from 
Aldrich Chemical Co., Milwaukee, Wis.) Was dissolved in 
75 g of anhydrous acetonitrile. To this Was added 42 g of 
imidobis(sulfuryl chloride) (prepared as described in “Inor 
ganic Synthesis,” Vol. VIII, 1966, p. 105) in 90 g of 
anhydrous acetonitrile. The resulting solution Was cooled to 
0° C., 85 g of anhydrous triethylamine Was added dropWise, 
and the mixture Was alloWed to react by stirring for 1 hour 
at 0° C., folloWed by 1 hour at room temperature. The 
reaction mixture Was ?ltered and the solvent Was removed in 
vacu to give a broWn-red oil. The resulting oil Was neutral 
iZed With 660.6 g of aqueous 1M LiOH (99.995% pure, 
available from Aldrich Chem. Co.). The Water Was removed 
and the resulting solids Were Washed tWice With 250 mL 
aliquots of diethyl ether. The ether Was removed to give 32.6 
g of a White solid, Which Was further puri?ed by 
re-dissolving in tetrahydrofuran and passing the resulting 
solution through a short column of basic alumina. The 
recovered compound Was identi?ed as being 

NMR analysis (CD3CN): 1H, 7.27 ppm (m, 2H) 7.33 ppm 
(m, 2H), 13C, 118, 124, 128 ppm. Chloride ion content: 12 
ppm as measured by argentometric titration using silver 
nitrate titrant. Elemental analysis: 28.33% C, 1.69% H, 
5.28% N, 24.37% S, 2.59% Li, 37.74% O (theo. 28.02% C, 
1.57% H, 5.45% N, 24.93% S, 2.70% Li and 37.33% O). 
Salt 2 

Salt 2, [(CH3)2CHOSO2]2NLi, Was prepared using essen 
tially the same procedure as described for Salt 1, except that 
isopropyl alcohol Was reacted With imidobis(sulfuryl 
chloride) in the presence of excess triethylamine. NMR 
(DZO): 1H, 1.33 ppm (d, 12H, J=6.5 HZ) 4.65 ppm (septet, 
2H, J=6.5). 

10 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

12 
Salt 3 

Salt 3, [(CH3)2NSO2](CF3SO2)NLi, Was prepared using 
essentially the same procedure as described for Salt 1, 
except that tri?uoromethylsulfonamide Was reacted With 
dimethylsulfamoyl chloride in the presence of excess tri 
ethylamine. NMR (CD3CN): 1H, 2.62 ppm (s), 19F-77.9 
ppm (S) 
Salt 4 

Salt 4, 

so2 

502/ 

Was prepared using essentially the same procedure as 
described for Salt 1, except that 8.6 g of 2,2‘ 
dihydroxybiphenyl Was reacted With 10.0 g of imidobis 
(sulfuryl chloride) in the presence of excess triethylamine, 
providing a 39% yield of the title product. 1HNMR 
(CD3CN): 6=7.23 dd, 7.34 dt, 7.46 dt, 7.54 dd ppm. 
13CNMR (CD3CN): 6=123.7, 127.3, 130.5, 131.0, 131.9, 
150.7 ppm MS negative ion laser desorption: M‘: m/Z=326; 
[M_-SO3]: m/Z=246; [M_2SO3]: m/Z=166. 
Salt 5 

Salt 5, (C6H5)SO2NLiSO2N(CH3)2, Was prepared using 
essentially the same procedure as described for Salt 1, 
except that benZenesulfonamide Was reacted With dimeth 
ylsulfamoyl chloride in the presence of excess triethylamine. 
The measured conductivities for Salts 1—5 are presented 

in Table 1. 

TABLE 1 

Compound Solvent Conductivity, 
Ex. Evaluated Blend MS/cm (molarity) 

1 Salt 1 EC / DMC 7.2 (0.8M) 
2 Salt 2 EC / DMC 2.0 (0.2M)* 
3 Salt 3 EC / DMC 4.4 (0.6M) 
4 Salt 4 EC / DMC 1.2 (1M) 
5 Salt 5 EC / DMC 0.83 (0.2M)* 

*Salt solubility Was lOW 

The data in Table 1 shoW that all of the salts exhibited fair 
to good conductivity in the solvent blend. This is surprising, 
considering that the salts have little or no organo?uorine in 
their structures. Salt 1, the ?uorine-free catechol derivative, 
imparted especially high conductivity to the electrolyte. 
We claim: 
1. A homo- or copolymeric material comprising the reac 

tion product of one or more compounds of the formula 

Wherein: 
m is 1 or 2 and m+o is 2; 

X is independently O or N; 

p is 1 When X is O, and p is 2 When X is N; 

R is each independently a monovalent hydrocarbon 
group; tWo R groups When taken together form a 
divalent hydrocarbon group joined to tWo X atoms, in 
Which the hydrocarbon groups are uninterrupted or 
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interrupted by a heteroatom; or tWo R groups When 
taken together may form a three- to siX-membered ring 
With a nitrogen atom, Which ring may be further 
interrupted by a heteroatom; 

R‘ is each independently a hydrocarbon group or a straight 
or branched acyclic ?uoroalkyl group having from 1 to 
12 carbon atoms, a cyclic ?uoroalkyl group having 
from 3 to 12 carbon atoms, or a ?uorocycloalkyl 
?uoroalkyl group Where the ?uoroalkyl group has from 
1 to 4 carbon atoms, in Which the ?uoroalkyl and 
?uorocycloalkyl groups are uninterrupted or inter 
rupted by a heteroatom; or an R group and an R‘ group 
When taken together may form a ring, Which ring may 
be further interrupted by a heteroatom; 

Wherein R or R‘ contain a polymeriZable group; and 

M"+ is a cation having a valence of n. 
2. The material of claim 1, Wherein the polymeriZable 

group is an ole?nic unsaturated group, an epoXide group, an 
isocyanato group or a mixture thereof. 

3. The material of claim 2, Wherein the ole?nic unsatur 
ated group is a vinyl, allyl, acrylyl, methacrylyl group or a 
mixture thereof. 

4. The material of claim 1, Wherein R is a straight or 
branched aliphatic group, a cycloaliphatic group, phenyl or 
naphthyl, and Wherein R is substituted by a polymeriZable 
group. 

5. The material of claim 4, Wherein the polymeriZable 
group is an ole?nic unsaturated group, an epoXide group or 
an isocyanato group. 

6. The material of claim 5, Wherein the ole?nic unsatur 
ated group is a vinyl, allyl, acrylyl or methacrylyl group. 

7. A compound of the formula 

m is 1 or 2 and m+o is 2; 

X is independently O or N; 

p is 1 When X is O, and p is 2 When X is N; 

R is each independently a monovalent hydrocarbon 
group; tWo R groups When taken together form a 
divalent hydrocarbon group joined to tWo X atoms, in 
Which the hydrocarbon groups are uninterrupted or 
interrupted by a heteroatom; or tWo R groups When 
taken together may form a three- to siX-membered ring 
With a nitrogen atom, Which ring may be further 
interrupted by a heteroatom; 

R‘ is each independently a hydrocarbon group or a straight 
or branched acyclic ?uoroalkyl group having from 1 to 
12 carbon atoms, a cyclic ?uoroalkyl group having 
from 3 to 12 carbon atoms, or a ?uorocycloalkyl 
?uoroalkyl group Where the ?uoroalkyl group has from 
1 to 4 carbon atoms, in Which the ?uoroalkyl and 
?uorocycloalkyl groups are uninterrupted or inter 
rupted by a heteroatom; or an R group and an R‘ group 
When taken together may form a ring, Which ring may 
be further interrupted by a catenary heteroatom; and 

M"+ is a cation having a valence of n; and 

Wherein tWo R groups form an alkylene group, a 1,2 
phenylene group, or a 1,1‘-bis-phenylene group joined 
to tWo X atoms; 

With the proviso that When m is 2, M"+ is a metal or 
alkylammonium cation of the formula R“ 4N", Where R“ 
is independently alkyl having 1 to 4 carbon atoms. 
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14 
8. A compound of the formula 

Wherein: 
m is 1 or 2 and m+o is 2; 

X is independently O or N; 
p is 1 When X is O, and p is 2 When X is N; 

R is each independently a monovalent hydrocarbon 
group; tWo R groups When taken together form a 
divalent hydrocarbon group joined to tWo X atoms, in 
Which the hydrocarbon groups are uninterrupted or 
interrupted by a heteroatom; or tWo R groups When 
taken together may form a three- to siX-membered ring 
With a nitrogen atom, Which ring may be further 
interrupted by a heteroatom; 

R‘ is each independently a hydrocarbon group or a straight 
or branched acyclic ?uoroalkyl group having from 1 to 
12 carbon atoms, a cyclic ?uoroalkyl group having 
from 3 to 12 carbon atoms, or a ?uorocycloalkyl 
?uoroalkyl group Where the ?uoroalkyl group has from 
1 to 4 carbon atoms, in Which the ?uoroalkyl and 
?uorocycloalkyl groups are uninterrupted or inter 
rupted by a heteroatom; or an R group and an R‘ group 
When taken together may form a ring, Which ring may 
be further interrupted by a catenary heteroatom; and 

M"+ is a cation having a valence of n; and 

Wherein p is 2 and tWo R groups form an alkylene group 
forming a 3- to 6-membered ring With X; 

With the proviso that When m is 2, M"+ is a metal or 

alkylammonium cation of the formula R“ 4N”, Where R“ 
is independently alkyl having 1 to 4 carbon atoms. 

9. A compound of the formula 

m is 1 or 2 and m+o is 2; 

X is independently O or N; 

p is 1 When X is O, and p is 2 When X is N; 

R is each independently a monovalent hydrocarbon 
group; tWo R groups When taken together form a 
divalent hydrocarbon group joined to tWo X atoms, in 
Which the hydrocarbon groups are uninterrupted or 
interrupted by a heteroatom; or tWo R groups When 
taken together may form a three- to siX-membered ring 
With a nitrogen atom, Which ring may be further 
interrupted by a heteroatom; 

R‘ is each independently a hydrocarbon group or a straight 
or branched acyclic ?uoroalkyl group having from 1 to 
12 carbon atoms, a cyclic ?uoroalkyl group having 
from 3 to 12 carbon atoms, or a ?uorocycloalkyl 
?uoroalkyl group Where the ?uoroalkyl group has from 
1 to 4 carbon atoms, in Which the ?uoroalkyl and 
?uorocycloalkyl groups are uninterrupted or inter 
rupted by a heteroatom; or an R group and an R‘ group 
When taken together may form a ring, Which ring may 
be further interrupted by a catenary heteroatom; and 

M”+ is a cation having a valence of n; and 

Wherein p is 1 or 2 and o is 1, and both R and R‘ form an 

alkylene group of 2 or 3 carbon atoms or a phenylene 

group joined at the 1,2-positions to form a ring; 
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With the proviso that When m is 2, M"+ is a metal or 
alkylammonium cation of the formula R“ 4N", Where R“ 
is independently alkyl having 1 to 4 carbon atoms. 

10. A compound of the formula 

Wherein: 

m is 1 or 2 and m+o is 2; 

X is independently O or N; 

p is 1 When X is O, and p is 2 When X is N; 

R is each independently a monovalent hydrocarbon 
group; tWo R groups When taken together form a 
divalent hydrocarbon group joined to tWo X atoms, in 
Which the hydrocarbon groups are uninterrupted or 
interrupted by a heteroatom; or tWo R groups When 
taken together may form a three- to siX-membered ring 
With a nitrogen atom, Which ring may be further 
interrupted by a heteroatom; 

R‘ is each independently a hydrocarbon group or a straight 
or branched acyclic ?uoroalkyl group having from 1 to 
12 carbon atoms, a cyclic ?uoroalkyl group having 
from 3 to 12 carbon atoms, or a ?uorocycloalkyl 
?uoroalkyl group Where the ?uoroalkyl group has from 
1 to 4 carbon atoms, in Which the ?uoroalkyl and 
?uorocycloalkyl groups are uninterrupted or inter 
rupted by a heteroatom; or an R group and an R‘ group 
When taken together may form a ring, Which ring may 
be further interrupted by a catenary heteroatom; and 

M”+ is a cation having a valence of n; 

/ \ 
CH2CHCH2— and CH2CHCH2— 

With the proviso that When m is 2, M"+ is a metal or 
alkylammonium cation of the formula R“ 4N+> Where R" is 
independently alkyl having 1 to 4 carbon atoms. 

11. A compound of the formula 

Wherein: 
m is 1 or 2 and m+o is 2; 

X is independently O or N; 

p is 1 When X is O, and p is 2 When X is N; 

R is each independently a monovalent hydrocarbon 
group; tWo R groups When taken together form a 
divalent hydrocarbon group joined to tWo X atoms, in 
Which the hydrocarbon groups are uninterrupted or 
interrupted by a heteroatom; or tWo R groups When 
taken together may form a three- to siX-membered ring 
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With a nitrogen atom, Which ring may be further 
interrupted by a heteroatom; 

R‘ is each independently a hydrocarbon group or a straight 
or branched acyclic ?uoroalkyl group having from 1 to 
12 carbon atoms, a cyclic ?uoroalkyl group having 
from 3 to 12 carbon atoms, or a ?uorocycloalkyl 
?uoroalkyl group Where the ?uoroalkyl group has from 
1 to 4 carbon atoms, in Which the ?uoroalkyl and 
?uorocycloalkyl groups are uninterrupted or inter 
rupted by a heteroatom; or an R group and an R‘ group 
When taken together may form a ring, Which ring may 
be further interrupted by a catenary heteroatom; and 

M”+ is a cation having a valence of n; and 

Wherein tWo R groups form a member selected from the 

group consisting of —CH2CH2—, —CH2CH(CH3)—, 
—CH2=CH—C6H4—, 

and 

With the proviso that When m is 2, M"+ is a metal or 
alkkylammonium cation of the formula R“ 4N", Where R“ is 
independently alkyl having 1 to 4 carbon atoms. 

12. A compound of the formula 

0/502 

13. Acompound of the formula [(CH3)2CHOSO2]2N_Li+. 
14. A compound of the formula [(CH3)2NSO2](CF3SO2) 

N‘Li". 
15. A compound of the formula 

s02 

16. A compound of the formula (C6H5)SO2N_Li+SO2N 
(CH3)2~ 

17. A battery electrolyte comprising: 
(a) a salt of the formula 

Wherein: 
m is 1 or 2 and m+o is 2; 

X is independently O or N; 

p is 1 When X is O, and p is 2 When X is N; 
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R is each independently a monovalent hydrocarbon 
group; tWo R groups When taken together form a 
divalent hydrocarbon group joined to tWo X atoms, in 
Which the hydrocarbon groups are uninterrupted or 
interrupted by a heteroatom; or tWo R groups When 
taken together may form a three- to siX-membered ring 
With a nitrogen atom, Which ring may be further 
interrupted by a heteroatom; 

R‘ is independently a hydrocarbon group or a straight or 
branched acyclic ?uoroalkyl group having from 1 to 12 
carbon atoms, a cyclic ?uoroalkyl group having from 3 
to 12 carbon atoms, or a ?uorocycloalkyl-?uoroalkyl 

group Where the ?uoroalkyl group has from 1 to 4 
carbon atoms, in Which the ?uoroalkyl and ?uorocy 
cloalkylene groups are uninterrupted or interrupted by 
a catenary heteroatom; or an R group and an R‘ group 

When taken together may form a ring, Which ring may 
be further interrupted by a heteroatom; and 

M"+ is a cation having a valence of n; and 

(b) a matriX material; and 
Wherein tWo R groups form an alkylene group or 1,2 

phenylene group joined to tWo X atoms. 
18. A battery electrolyte comprising: 

(a) a salt of the formula 

Wherein: 

m is 1 or 2 and m+o is 2; 

X is independently O or N; 

p is 1 When X is O, and p is 2 When X is N; 

R is each independently a monovalent hydrocarbon 
group; tWo R groups When taken together form a 
divalent hydrocarbon group joined to tWo X atoms, in 
Which the hydrocarbon groups are uninterrupted or 
interrupted by a heteroatom; or tWo R groups When 
taken together may form a three- to siX-membered ring 
With a nitrogen atom, Which ring may be further 
interrupted by a heteroatom; 

R‘ is independently a hydrocarbon group or a straight or 
branched acyclic ?uoroalkyl group having from 1 to 12 
carbon atoms, a cyclic ?uoroalkyl group having from 3 
to 12 carbon atoms, or a ?uorocycloalkyl-?uoroalkyl 
group Where the ?uoroalkyl group has from 1 to 4 
carbon atoms, in Which the ?uoroalkyl and ?uorocy 
cloalkylene groups are uninterrupted or interrupted by 
a catenary heteroatom; or an R group and an R‘ group 

When taken together may form a ring, Which ring may 
be further interrupted by a heteroatom; and 

M"+ is a cation having a valence of n; and 

(b) a matriX material, and 
Wherein R is a member selected from the group consisting 

of 
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CH2CHCH2— and CH2CHCH2— 

19. A battery electrolyte comprising: 
(a) a salt of the formula 

N’(SO2XR[, m(SO2R‘)o1/nM”+ 

Wherein: 

m is 1 or 2 and m+o is 2; 

X is independently O or N; 

p is 1 When X is O, and p is 2 When X is N; 

R is each independently a monovalent hydrocarbon 
group; tWo R groups When taken together form a 

divalent hydrocarbon group joined to tWo X atoms, in 
Which the hydrocarbon groups are uninterrupted or 

interrupted by a heteroatom; or tWo R groups When 
taken together may form a three- to siX-membered ring 
With a nitrogen atom, Which ring may be further 
interrupted by a heteroatom; 

R‘ is independently a hydrocarbon group or a straight or 

branched acyclic ?uoroalkyl group having from 1 to 12 
carbon atoms, a cyclic ?uoroalkyl group having from 3 
to 12 carbon atoms, or a ?uorocycloalkyl-?uoroalkyl 

group Where the ?uoroalkyl group has from 1 to 4 
carbon atoms, in Which the ?uoroalkyl and ?uorocy 
cloalkylene groups are uninterrupted or interrupted by 
a catenary heteroatom; or an R group and an R‘ group 

When taken together may form a ring, Which ring may 
be further interrupted by a heteroatom; and 

M"+ is a cation having a valence of n; and 

(b) a matriX material 

Wherein R is a straight or branched aliphatic group, a 
cycloaliphatic group, phenyl or naphthyl, and Wherein 
R is substituted by a reactive group, Wherein the 
reactive group is polymeriZable. 

20. By A battery electrolyte comprising: 
(a) a salt of the formula 

N’(SO2XR[, m(SO2R‘)o1/nM”* 

Wherein: 

m is 1 or 2 and m+o is 2; 

X is independently O or N; 

p is 1 When X is O, and p is 2 When X is N; 

R is each independently a monovalent hydrocarbon 
group; tWo R groups When taken together form a 
divalent hydrocarbon group joined to tWo X atoms, in 
Which the hydrocarbon groups are uninterrupted or 
interrupted by a heteroatom; or tWo R groups When 
taken together may form a three- to siX-membered ring 
With a nitrogen atom, Which ring may be further 
interrupted by a heteroatom; 
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R‘ is independently a hydrocarbon group or a straight or —CH2CH2—, —CH2CH(CH3)—, —CH2=CH— 
branched acyclic ?uoroalkyl group having from 1 to 12 C6H4—, 
carbon atoms, a cyclic ?uoroalkyl group having from 3 
to 12 carbon atoms, or a ?uorocycloalkyl-?uoroalkyl 

group Where the ?uoroalkyl group has from 1 to 4 
carbon atoms, in Which the ?uoroalkyl and ?uorocy 
cloalkylene groups are uninterrupted or interrupted by 
a catenary heteroatom; or an R group and an R‘ group and 

When taken together may form a ring, Which ring may 10 
be further interrupted by a heteroatom; and 

M"+ is a cation having a valence of n; and 

(b) a matriX material, and 
Wherein tWo R groups form a member selected from the 
group consisting of * * * * * 
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Line 66, “6.5 HZ” should read -- 6.5HZ --; 

Column 15 
Line 33, “n;” should read -- n; and --; and 
Line 51, “Where R” is” should read -- Where R” is - 
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